Increasing anthropogenic influence on lotic environments as a result of civilisation has captured public interest because of the consequent problems associated with deterioration of water quality. Various biological monitoring methods that provide a direct measure of ecological integrity by using the response of biota to environmental changes have been developed to monitor the ecological status of lotic environments. Diatoms have been used extensively in this regard and this review attempts to summarise the basic concepts associated with biological monitoring using benthic diatoms. Where possible, examples from work carried out in Brazil are used.
Introduction
Lotic environments are fundamental components of regional and global biogeochemical cycles, acting as both transport pathways and sites of elemental transformations and storage and they act as sources of drinking water, fisheries resources, irrigation supplies, and waste removal systems. They are characterised by interactions among physical, chemical and biological processes, which reach a higher degree of complexity downstream (Wehr and Descy, 1998) .
The fundamental feature of lotic systems is that activities or disturbances at one location affect processes and organisms downstream, complicating the management of these systems. The systems are also characterised by longitudinal differences in the time scales of chemical and biological processes rendering it difficult to design polices and assess the results of management actions (Tundisi and Matsumura-Tundisi, 2008) . Characterising and managing dynamic environmental conditions in heterogeneous systems such as these, therefore, requires innovative approaches, with the management process striking a balance between human needs and ecological integrity (Edwards, 1995; Tundisi and Matsumura-Tundisi, 2008) . Ecological principles are now playing an important role in the management of these systems.
High population densities and multiplicity of industrial and agricultural activities expose most hydrographic basins to heavy and rising environmental impacts especially to pollution by domestic and industrial waste residues . This increasing anthropogenic influence on lotic environments that parallels civilisation has captured public interest because of the consequent deterioration of water quality, health problems, pest plants and animals, and other problems (Salvia et al., 1999; Bere, 2007) . The purpose of this review is to summarise the basic concepts associated with biological monitoring using benthic diatoms. Where possible, examples from work carried out in Brazil are used.
Approaches to Monitoring the Ecological Status of Lotic Systems
Two threads of basic approaches to the assessment of water quality deterioration in lotic systems run through the literature. The first approach involves the assessment of physical and chemical variables of lotic systems in order to gain some insight into their water quality. In most cases, this method allows only instantaneous measurements, therefore restricting the knowledge of water conditions to the period when the measurements were taken. The chemistry at any given time is a snapshot of the water quality at the time of sampling ignoring temporal variation of water quality variables that is usually high in lotic environments (Rocha, 1992) . Sophisticated chemical analytical methods have been developed but still they cannot identify and quantify pertinent compounds, especially synthetic organic compounds that are highly toxic (Aidar and Sigand, 1993) .
The second approach involves use of biological methods (biological monitoring), the theory behind which is to provide a direct measure of ecological integrity by using the response of biota to environmental changes (Karr, 1991) . This allows long-term environmental effects to be detected because of the capacity of reflecting conditions that are not present at the time of sample and analysis. The key to use of the aquatic biota as reliable indicators of the changes in lotic environmental conditions is deciphering the integrated environmental information in species rich assemblages .
Biological monitoring has gained momentum in aquatic health management programmes due to several shortcomings in standard physical and chemical methods described above. Biological monitoring is now viewed as an ideal means by which progress towards integrated water resources management can be monitored in that it provides a summary of conditions, rather like temperature and blood pressure are used to measure human health (Walmsley, 2000) . Biological monitoring is now an important branch of applied ecology where the scientific and economic interests of our society meet in the management of lotic systems (Passy, 2007) .
Physical and chemical methods are, however, complimentary to biological methods, contributing to the correct assessment of the quality of running waters (Lobo et al., 2004a) . Since the biological response is to the integrated physical and chemical environment to which the organism has been exposed for some time, it is not surprising that the physical and chemical indicators often do not correlate with biological indices (Schoemann, 1979; Round, 1991) .
Biotic Indices
The patterns of biota inhabiting lotic systems are responsive to the nature of the physical and chemical characteristics of these systems (Karr, 1991) . The integrity of biota inhabiting lotic ecosystems thus provides a direct, holistic and integrated measure of the integrity of the systems. To this effect, therefore, the ultimate monitor of aquatic systems is the aquatic life itself (John, 2000) . It is on this basis that biotic indices enjoy widespread use in the assessment of the ecological status of lotic ecosystems.
Several indices of biotic integrity have been developed worldwide to assess the health status of the lotic systems. These indices make use of the niche requirements and habitat prefer ences of the individual species (autecology), a population (synecology) or higher taxonomic groupings to infer environmental conditions in an ecosystem (Stoermer and Smol, 1999) . Long-term data gathered on the tolerances of a species are used to compile an index that can, in turn, be used to deduce environmental conditions from the species composi tion by taking into account the specific tolerances of the species in the community surveyed (Patrick, 1986; de la Rey et al., 2008) . These indices can be constructed to measure specific pollutants or general environmental con ditions.
Many indices have been developed using fish, macroinvertebrates, zooplankton and phytoplankton and especially benthic diatoms. A comparison of three indices of water quality (chemical, zoological and botanical assessment using diatoms) concluded that the latter gave the most precise data (Leclercq and Maquet, 1987) though in some cases, aquatic macroinvertebrates have been demonstrated to be superior to diatoms as biological indicators, with a capacity to reflect on sedimentation in the river bed that cannot be reflected by diatoms (Schoeman and Haworth, 1986; Katoh, 1992; Prygiel and Coste, 1993) . In the cases of intermediate ranges of pollution where the diatoms and macroinvertebrates are less sensitive, chemical analysis has been shown to be more efficient (Leclercq and Maquet, 1987; Schoeman and Haworth, 1986) .
Distribution of Diatoms in Lotic Systems
A fundamental part of lotic ecosystems is the periphyton community assemblages whose diversity increases as anthropogenic influences on the system increase (Archibald, 1972; Lobo and Kobayasi, 1990; Round, 1991) . This is consistent with the intermediate disturbance hypothesis (Connell, 1978) , which states that the highest diversity is maintained at intermediate levels of pollution. These assemblages have important implications for ecosystem processes in lotic environments. Firstly, they are an integral part of the energy cycle in nearly all lotic ecosystems providing much of the food and thus maintaining higher trophic levels i.e. they are important for establishment of ecological balance (Rocha, 1992) .
Secondly, they purify waters by absorbing many impurities such as nutrients and heavy metals and are sites of the breakdown of bacterial and other organic matter contamination. Thirdly, they respond rapidly to degradation of water quality, often changing in both taxonomic composition and biomass where even slight contamination occurs (Rocha, 1992; Patrick and Hendrickson, 1993; Biggs and Kilroy, 2000; Doung et al., 2007) . They also play an important role in global cycling of silica and carbon (Mann, 1999) . The maintenance of proper community structure and functioning of periphyton assemblages in lotic systems in the face of encroaching human development and climate change, among other threats is, therefore, important in river health management.
A major part of these periphyton assemblages is made up of diatoms which are various microscopic one-celled or colonial members of the algal division or phylum Bacillariophyta, of the class Bacillariophyceae, having cell walls of silica consisting of two interlocking symmetrical valves. They are universally distributed in all types of aquatic environment with others being endemic to specific regions (Potapova and Charles, 2003) . They multiply rapidly, maintaining a dynamic population of varying size depending on the prevailing environmental conditions. Diatoms are the most species rich group of algae with tens of thousands of species (Mann, 1999) . Round (1991) states that there are currently over 260 genera of living diatoms with over 100,000 species.
Multiple factors prevailing at different temporal and spatial scales play an important role in structuring benthic diatom communities in lotic systems (Potapova and Charles, 2002; Moura et al., 2007) , with local environmental conditions playing a more important role compared to broad-scale climatic, vegetational and geographical factors . Our comprehension of the role of temporary factors in shaping global communities is, however, still in its infancy (Passy, 2007) .
Some of the factors most often found to be important in shaping the distribution patterns of benthic diatoms in lotic systems are water chemistry (particularly pH, ionic strength and nutrient concentrations), substrate, current velocity, light (degree of shading) grazing, temperature (which also correlates strongly with latitude and altitude) (Patrick and Reimer, 1966; Round, 1991; Pan et al., 1996; Potapova and Charles, 2002; Necchi-Júnior, 2003) . Most of these factors depend strongly on climate, geology, topography, land-use and other landscape characteristics, and therefore diatom communities are similar within ecological regions defined by these characteristics . Short-term differences in community composition are also driven by immigration of cells, differences in growth rate between populations and loss processes such as death, emigration and sloughing.
Changes in any of the factors described above, however, need not necessarily bring about the death of some algal species so long as the changes remain within the limits of tolerance of the species. On the contrary, these changes will inhibit the multiplication of some of the species originally present, and encourage that of others, so that primarily the association, that is the percentage composition and not the flora as such, will be changed .
Diatoms are 'subcos-mopolitan', i.e. they occur anywhere in the world if certain environmental conditions are fulfilled (Kelly et al., 1998) . This concept suggests that geographical location is not the determining factor in the distribution of diatom species and the composition of commu nities, but it is rather the specific environmental variables at a specific site that determine this distribution. Coupled with this also is the recent discovery of the ubiquity-biogeography transition, where organisms smaller than about 1 mm occur worldwide wherever their required habitats are realised (Finlay, 2005) .
A key issue in understanding the patterns of diatom distribution is that of understanding the extent to which they are constrained by geographical factors that limit species dispersal vs. the extent to which they are limited only by the ability of the species to grow under a specific combination of environmental factors (Potapova and Charles, 2002) . Is a species not in a particular habitat only because it was not dispersed there or because, though it might have reached the habitat, the environmental conditions were unsuitable for it to survive and compete? Conversely, is a species in a specific location only because it can compete better under those particular environmental conditions, or might it be there simply because it reached a site and its potential competitor did not? Factors influencing dispersal should be clearly understood.
Diatoms and Biological Monitoring of Lotic Systems
The relation between diatoms and environmental variables are robust and quantifiable making diatoms appropriate quantitative indicators of ecological conditions in lotic systems Oliveira et al., 2001) . The relationship has been found to be even stronger than those from lentic environments (Round, 1991) . Each particular species relate very closely to other species and requires different structural, physical and chemical characteristics intrinsic to its habitat. Whenever these characteristics are subject to variations, the composition of the niche is affected; species vary in their sensitivity and those more resistant to environmental changes either caused by natural fluctuations or by human activities may be favoured by selection (Rocha, 1992) .
Understanding the relation of geographical and environmental factors to diatom distribution is important to the process of developing diatom-based water quality indicators. Differences in diatom species composition among geographical areas, caused not only by environmental variation, but also by historical processes of species dispersal and colonisation, add difficulty in applying uniform methods for water quality assessment using diatoms (Potapova and Charles, 2002) . Reliable diatom metrics development requires careful investigation of data sets in terms of the major environmental gradients underlying species composition.
Considering the complexity of factors affecting species composition of benthic diatoms, it is advisable that diatom-based river metrics should first be developed for limited geographical areas with the most uniform environmental variables possible (Potapova and Charles, 2002) . This still needs to be done very carefully factoring in natural variation. Even if communities are developed in very similar environments, there is considerable variation (30-35 %) in the number of species and percent of dominant species attributed to unaccounted-for natural factors and this can be easily mistaken for the effects of the perturbation under study (Patrick and Hendrickson, 1993) . Unaccounted-for natural variations and probably simply random fluctuations are important factors affecting community structures that have not always been allowed for when evaluating differences between communities leading to erroneous interpretations. Correlations among environmental factors that determine diatom community structures should be taken into account for the best outcome in biological monitoring studies, because these internal correlations of environmental factors in a data set can lead to incorrect conclusions about species environmental requirements.
Despite all this, however, diatoms represent outstanding bio-indicators for different degrees of pollution. They provide excellent indicators of water quality, especially with widespread increase in eutrophication (Descy and Coste, 1991; Lobo et al., 1999; Rodrigues and Lobo, 2000; Oliveira et al., 2001; Wetzel et al., 2002; Lobo et al., 2002 Lobo et al., , 2003 Lobo et al., , 2004a Hermany et al., 2006; Salomoni et al., 2006; Dupont et al., 2007) . The large number of species with distinct range of habitats and tolerance to environmental conditions make diatoms the ideal ecological indicators with a wide range of applications both as living organisms and fossils (John, 2000) . Round (1993) lists numerous reasons why diatoms are useful tools of biological monitoring, amongst which are the following: methods are cost effective, data is comparable, and techniques are rapid and accurate. Benthic diatoms have also been deemed to be excellent organisms for biological monitoring because they lie at the base of aquatic food webs and are among the first organisms to respond to environmental change (Lavoie et al., 2008) . They also have a short life cycle allowing rapid response to environmental stress especially eutrophication providing detailed information on nutrient changes (Sonneman et al., 2001; Lobo et al., 2004a,b,c,d,e; Billinger et al., 2006; Resh, 2007) . A strong correlation between diatom community composition and total nitrogen and total phosphorus has been demonstrated (Winter and Duthie, 2000) . Relationships between benthic stream diatom community composition and total phosphorus are strongest at low to medium concentrations (<0.085 mg.L , Winter and Duthie, 2000) . Nutrient concentrations, particularly phosphorus, increase with urban development, associated with storm water run-off and are caused by other catchment activities such as agriculture (Sonneman et al., 2001 ). Studies of streams draining urban centres with mixed storm water and sewage impacts have shown declines in diatom species richness associated with high loads of organic pollution (Lobo et al., 1995a) . Changes in water quality associated with urbanisation -judged small to moderate using chemical measurements -are associated with profound changes in biotic community composition of diatoms (Sonneman et al., 2001) .
Many field experimental methods have also been designed worldwide to assess the ecological integrity of lotic systems using diatoms. Different methods of manipulating nutrients, for example, have been developed (e.g. Peterson and Stevenson, 1989; Prygiel et al., 1999) . The objective of all these methods is to supply varied levels of nutrients to monitor the subsequent growth and productivity (biovolume or biomass assessment) of diatoms, with those species responding to nutrient addition being considered to be growing sub-optimally in the natural habitats. Another technique involves the transfer of colonised substrate (stones, glass etc.) from on site (e.g. polluted) to another site (e.g. non-polluted) followed by monitoring of changes in flora.
Some investigations have also been carried out on the effects of pH, conductivity and trace metals on diatoms (e.g. Lobo et al., 1996; Pen et al., 1996; Oliveira et al., 2001; Sonneman et al., 2001; Charles, 2002, 2003; Lobo et al., 2004a; Billinger et al., 2006; Salomoni et al., 2006) . Monitoring the changes in pH and the ionic composition is carried out by simple observation of shifts in the dominant taxa or by inferring ion concentrations or conductivity, using reported optima and some numerical procedures e.g. weighted averaging. The quantification of species responses to concentrations of major ions in fresh water would significantly enhance this (Potapova and Charles, 2002) .
Brief History of the use of Diatoms in Biological Monitoring
The assessment of water quality conditions in freshwater habitats using benthic diatoms dates back to as early as the beginning of the 1900 century when Kolkwitz and Marsson (1908) first attempted to use diatoms as indicators of pollution in aquatic environments. Their study showed that water conditions determined algal communities in aquatic environments but made no efforts to define the various habitats in which the diatoms grow. They developed firstly the Saprobic system -the Saprobity index -that was modified by Liebmann (1951) and Pantle and Buck (1955) which gives values to the species present in the system under consideration in relation to levels of pollution. Their research forms the basis of most subsequent studies on the use of diatoms for biological monitoring. Patrick (1953) created a biological indicator system, based on changes in energy flow; the system classified water as clean, polluted, very polluted and typical. Slãdeckova and Sládecék (1963) developed a biological indicator system based on periphyton believing that these organisms, being independent of water movement because they are able to adhere to a variety of substrates, might adapt to environments changes more easily than phytoplankton. Palmer (1969) created a system that uses algae as biological indicators of pollution. He suggested numbers for each genus of algae as an indication of pollution level -based on extensive study. Other work also used indicative scores (Thunmark, 1945; Nygaard, 1949; Edwards et al., 1972) .
The use of indices to assess water quality was also attempted by Zelinka and Marvan (1961) and Slàdecek (1973 Slàdecek ( , 1986 , but Descy's work (1979) is given most credit. These studies revealed the need for detailed studies on the tolerance of individual species by actual sampling and relationship to chemical data, rather than relaying on statements in literature. Leclercq and Maquet's (1987) work provide the most complete comparison of chemical invertebrate and diatom indices. Kobayasi and Mayama (1989) , working in the rivers of Tokyo, classified diatoms along gradients of organic pollution in to the following categories: i) more tolerant; ii) less tolerant and iii) more sensitive to pollution.
At present, there is a lot of recorded or published data available on diatom ecology and their application to biological monitoring. They are used, for example, in Europe (Sladecek, 1973; Descy, 1979; LangeBertalot, 1979; Kelly and Whitton, 1995; Kelly et al., 1998; Prygiel et al., 1999) , North America (Lowe and Pan, 1996; Stevenson and Pan, 1999) , Central America (Silva-Benavides, 1996a,b; Michels-Estrada, 2003) , South America (Lobo et al., 1998; Loez and Topalian, 1999; Gómez and Licursi, 2001; Lobo et al., 2002 and 2004a,b,c,d,e; Salomoni and Torgan, 2008) Australia (John, 1998 (John, , 2000 Chessman et al., 1999) , Asia (Watanabe et al., 1988; Kobayasi and Mayama, 1989; Lobo et al., 1995b; Rothfritz et al., 1997) and Africa (Schoeman, 1979; Pieterse and Van Zyl, 1988; Gasse et al., 1995; Bate et al., 2004; Teylor et al., 2007; de la Rey et al., 2007 and . Some of the studies are focused on inferring past hydrochemical characteristics of lakes, while others are designed to monitor present-day conditions in lotic ecosystems.
These attempts have had varying degrees of success (Kelly, 1995) . Round (1991) noted three features that have confused the use of diatoms in biological monitoring of lotic systems. Firstly there are semantic problems in which language and translation and writing in languages other than one's own has led to confusion that manifests itself in the proliferation of terminology that is mere variations of expressing the same thing. Secondly, there is an almost total lack of appreciation of microhabitats with their characteristic floras.
Thirdly, there is excessive searching for and counting of numbers of cells (valves) of species, resulting in lengthy lists of diatoms. This is often compounded by dubious academically rigorous pseudo-mathematical manipulations that are not in any way cost effective and, as Fryer (1987) puts it, numbers are increasingly being used as a substitute for real explanations.
Whereas mathematical analyses, whether models or indices, are important in calling attention to differences between populations, elucidation of the causes of observed patterns of diatom assemblages require other supportive data. Knowledge of the autoecology of constituent species needs to be incorporated in making statements concerning pollution levels in various areas. In many instances, similarity indices, ordination techniques and so on are used, but usually not discussed in any detail and sometimes based on inadequate sampling and identification.
Many people have stated that they count 200, 400, or 1,000 specimens without giving the rational for terminating the count. Statement about diatom communities based on small counts may be inaccurate. One should determine how many specimens are to be counted by the use of the asymptote curve or the log normal or some other statistical method to be sure that the community is well represented and that the dominance of the count is characteristic of the community (Patrick, 1986 ). An important conclusion is that the structure of diatom assemblages is more often characterised by the presence of one or a few, very abundant species and a rather limited number of rare species (Round, 1991) , so it is not necessary to have some of the high counts recorded in some of the literature.
Natural and Artificial Substrate Sampling
Two major approaches to the use of diatoms for assessment of the ecological integrity of lotic systems are generally used worldwide. The first approach involves direct sampling of natural substrate -the favourite being epilithon, while the second approach involves sampling of artificial substrate placed in water -the most used being glass (Round, 1991) .
Direct sampling of stone has no a priori recommendations and has the following advantages: 1) ability to find stones in most reaches of the river; 2) stability of the substratum and flora and its presence at all times of the year; 3) growth is not constant throughout the year but this affects only the total biomass and not the overall occurrence of indicator species; 4) recovery of flora after denudation by floods is rapid; 5) flora of the rock surface integrates the effects of variation in water quality over time; and 6) sampling is easy and there are large numbers of cells per cm 2 and removal is easy (Descy and Coste, 1991, Leclercq and Manquet, 1987) .
Direct sampling has the following disadvantages: 1) in silted lowland rivers stones are often thickly coated with silt that modifies or eliminates the eplithic flora; 2) it is not always easy to sample concrete and bad rock; 3) in torrential upper stretches sampling can be difficult and often the flora is depleted; and 4) shading by surrounding vegetation reduces species richness and biomass. Overall, however, the epilithon does provide an excellent sample of diatom species at most points in a river and is an excellent community for monitoring changes in the environment (Round, 1991) . Diversity and productivity of diatoms vary from one rock type to another depending on the nature of the physical and chemical properties of the rock. Large stones are expected to have stable communities, whilst small ones may be so moved during periods of high flow that the flora is reduced (Marker and Willoughby, 1988) . A careful consideration of these factors during sample collection and subsequent data interpretation is, therefore, necessary as ignoring them is likely to lead to biased results.
The use of artificial substrate (glass slides, bricks, cotton threads e.t.c) has the advantage that the flora can be observed directly, the substratum is standard at all sampling sites and the time for exposure can be controlled (Round, 1991) . The disadvantages are, however, overwhelming: 1) they require apparatus to be fixed in the river and there are often losses; 2) there is need to experiment to obtain the optimum time of exposure and often 4 or even 8 weeks is necessary, preventing a rapid estimation of water quality such as can be obtained within hours of sampling the epilithon directly; 4) the floral is an artificial assemblage selected by smooth slide and perhaps by differences due to positioning of slides in relation to the currents; 5) the smooth surface often results in sloughing of the community; and 6) random sampling is not allowed (Descy and Coste, 1991) . Recently Salomoni et al. (2008) developed a gadget for sampling epilithic diatoms which consists of a polythene cylinder that is left to float on the surface of the water to which stone substrate is attached. This gadget appears to be more natural than other substrates used.
Diatoms and Biological Monitoring in Brazil
In Brazil, pioneer studies on phytoplankton in lotic systems were carried out in the Amazonian region rivers (Dickie 1881) . First studies on the use of aquatic biota, particularly phytoplankton, for monitoring of the ecological status of lotic systems were carried out in the catchment areas of São Paulo City by a French researcher, Henric Charles Potel, between 1907 and 1910 (Rocha, 1992 . This work remained unpublished until translated to Portuguese and published by Branco (1964) and formed the basis of most subsequent studies. Although they were based on empirical and qualitative data, these subsequent studies are extremely important since they constitute the only records of studies on river basins, reservoirs and sources of water supply at that time (Rocha, 1992) . Limited data could be gathered at that time due to inadequate infrastructure, lack of skilled personnel and poor policies or strategies for environmental management (Rocha, 1992) .
Other studies followed up this work based on quantitative data. All these studies confirmed diatoms as excellent indicators of environmental conditions in lotic system (Lobo and Torgan, 1988; Rosa et al., 1988; Lobo et al., 1991 Lobo et al., , 1995b Lobo et al., , 1996 Lobo and Callegari, 2000, Lobo et al., 2004a,b,c,d,e; Burliga et al., 2005; Lobo et al., 2006; Hermany et al., 2006; Schneck et al., 2007; Salomoni et al., 2008) . In South America in general, Gómez and Licuirsi (2001) published a regional water quality evaluation index for rivers and streams in the Pampas of Argentina, Pampean Diatom Index (PDI) based on the sensitivity of epipelic diatoms to organic enrichment and eutrophication.
In most cases, however, the assessment of the ecological conditions of lotic systems was determined by foreign methods (eg., Lange-Bertalot, 1979; Watanabe et al., 1990; Kobayasi and Mayama, 1989) , because no information on pollution tolerant diatoms in Brazilian rivers was present. This direct adoption of these indices can lead to erroneous interpretation of water quality because there are limited overlaps in species composition between two regions, or at least some ecological characteristics of the key taxa vary among the regions . The occurrence of endemic diatoms further complicates the situation necessitating the compilation of a diatom index unique to the region (Taylor et al., 2007) . This underlines a clear vision to develop a biological monitoring protocol that is unique to Brazil.
This prompted the first attempts to classify diatoms in terms of tolerance of species to organic pollution in rivers in southern Brazil by Lobo et al., (1996) . Subsequently, Lobo et al. (2002) determined the tolerance to organic pollution of diatom species in different conditions of pollution of lotic systems in Guaiba, RS, and they came up with 3 groups of diatoms: Group A (species more tolerant to pollution), Group B (species tolerant to pollution) and Group C (species less tolerant to pollution), each of which were assigned the following saprobic values 4; 2.5 and 1 respectively.
Based on this information Lobo et al., (2002) developed the first saprobic system in the country, which uses epilithic diatoms for water quality assessment in southern Brazil. This study was completed by Lobo et al., (2004a) leading to the formation of Biological Index of Water Quality (BIWQ) trophic index. This was the first index to be published in rivers of Brazil and it incorporates the effects of organic contamination from the classification described in Lobo et al. (2002) , and eutrophication from the values obtained using techniques of multivariate analysis.
Recent studies of environmental monitoring, using the community of diatoms algae in water systems of Guaíba, RS, have demonstrated clear evidence of eutrophication (Lobo et al., 1999; Lobo et al., 2002 Lobo et al., , 2003 Lobo et al., , 2004a Oliveira et al., 2001; Rodrigues and Lobo, 2000; Wetzel et al., 2002; Hermany et al., 2006; Salomoni et al., 2006; Dupont et al., 2007) . However, the studies are concentrated or restricted mainly to the southern part of the country (Tundisi, 2006) , and very little has been done in other lotic systems. For this reason, there is lack of capacity in the form of data, which hampers the full understanding and subsequent management of the lotic systems in other regions of the country and lotic environments in general.
Conclusion
Diatoms have an important role in the biological monitoring of lotic ecosystems. Building on the existing data from past studies, especially in the southern part of Brazil, there is a promising future for using diatoms for characterisation and monitoring of ecological conditions in other parts of Brazil.
